it is used with great success in anterior column fractures and its components (Tshaped transverse and anterior column posterior hemitransverse fractures), and various combinations have been developed. [1] [2] [3] Due to their close proximity to neurovascular structures and internal organs, acetabular fractures are complex injuries, and surgical treatment requires experience. 4, 5 Many surgeons select the treatment method according to their experience. There are studies comparing the ilioinguinal approach with the Stoppa approach from functional and radiological points of view. [6] [7] [8] It was shown that the Stoppa approach facilitates quadrilateral surface reduction and the application of a buttress plate to the pelvic girdle. [6] [7] [8] [9] [10] Although the methods showed no difference in functional outcomes, the results have been controversial in terms of the amount of bleeding. 6, 7 A retrospective evaluation was performed of 36 patients (25 males and 11 females; average age, 44 years) with displaced acetabular fractures who were treated with a modified Stoppa approach. Fractures included 18 anterior columns, 2 both columns, 8 anterior columns with posterior hemitransverse, 6 transverse, and 2 T-type, according to the Judet and Letournel classification. Range of motion, Harris Hip Scores, and Merle d'Aubigné scores were evaluated. Pre-and postoperative measurements taken included displacements and gaps on axial, coronal, and sagittal computed tomography (CT) images and postreduction quality assessed radiologically. Mean follow-up was 14.7 months. Mean perioperative bleeding was 970 cc (range, 800-1250 cc). Mean Harris Hip Score was 77.9, mean Merle d'Aubigné score was 16.4, mean flexion was 105.2°, and mean extension was 16.9°. Anatomical reduction of the acetabular fracture was achieved in 29 (80.5%) patients; it was satisfactory in 5 (13.8%) and poor in 2 (5%). Mean preoperative displacements on axial, coronal, and sagittal sections were 4.1, 3.6, and 3.1 mm, respectively, and mean postoperative displacements were 0.2, 0.3, and 0.2 mm, respectively. Mean preoperative gap distance was 14.5 mm, and mean postoperative gap distance was 1.1 mm. Postoperative foot drop was observed in 2 patients, obturator nerve damage in 1, partial iliac vein damage in 1, and avascular necrosis of the femoral head in 1. Despite a steep learning curve, the modified Stoppa approach is a good alternative to the ilioinguinal approach. It can be used to treat many complex acetabular fractures. [Orthopedics. 2016; 39(2):e340-e345.]
The quadrilateral surface can be seen much better with the modified Stoppa approach. Minimally invasive surgery with a smaller incision allows better reduction of the quadrilateral surface, [6] [7] [8] and because no muscle is removed from where it cleaves into the bone, the morbidity rate with the approach decreases substantially.
In recent years, with increasing acetabular surgery giving satisfactory results, there have been attempts to further improve clinical results with alternative treatments in addition to those in current use. The current study provides an examination of the functional and radiological outcomes of 36 patients treated with the modified Stoppa approach. The authors report the early results of these patients to evaluate the efficacy of the approach. 11 classification. In all patients, fixation was achieved with a 3.5-mm pelvic reconstruction plate and screws. In 3 patients, an additional spring plate was applied together with an intrapelvic plate, and additional surgery was required in 2 patients because of bilateral fractures (Figure 1) . In 3 patients, an iliac wing fracture was fixed through a separate incision.
Materials and Methods
Inclusion criteria for this study were all simple and complex acetabular fracture types with mainly anterior displacement.
Exclusion criteria were noncompletion of 1 year of follow-up, loss to follow-up, head trauma causing a lengthy period of immobilization, and a single posterior acetabular fracture. Patients with a history of Caesarean section, hysterectomy, bladder injury, prostatectomy, or bladder surgery were also excluded. Indications for surgical treatment included any fracture with obvious instability of the weight-bearing area of the acetabulum and displacement exceeding 2 mm of the nonweight-bearing area of the hip joint with or without dislocation of the joint.
Postoperative follow-up occurred in the outpatient clinic at 2 weeks, 6 weeks, 3 months, 6 months, and 1 year for all patients. Anteroposterior pelvic and Judet radiographs were taken and reviewed by an independent orthopedic trauma surgeon (Y.G.), and then the results of all fractures were classified by one of the authors (M.A.). In addition, pre-and postoperative computed tomography (CT) scans were obtained for all patients, and displacement was measured on axial, coronal, and sagittal sections by a radiologist ( Figure 2 ). Postoperative fracture reduction was evaluated in all 3 views with the scoring system described by Matta 12 in 1996. Harris Hip Scores, 13 Short Form 12 scores, 14 and Merle d'Aubigné scores 15 were used to evaluate the functional outcome of the acetabular fractures. Perioperative data, amount of bleeding, and incidence of complications were also reviewed retrospectively for all patients.
surgical technique
All patients were treated surgically according to the original descriptions of Cole and Bolhofner 1 and Hirvensalo et al. 16 Patients were placed supine on the operating table to allow adequate visualization on anteroposterior and Judet radiographs. The injured limb was draped freely, and the ipsilateral hip and knee were flexed slightly to relax the iliopsoas muscle and the external iliac neurovascular bundle. A Foley catheter was placed for bladder protection, improved visualization, and monitoring fluid balance. The surgical field was prepared from the nipple line down to the pubic symphysis; meanwhile, the entire ipsilateral limb was prepared. A prophylactic antibiotic (1 g of intravenous cefazolin) was administered routinely. The surgeon stood on the contralateral side to the fractured acetabulum. The modified Stoppa approach was used by first making a 10-cm transverse incision approximately 2 cm above the symphysis pubis ( Figure  3A) . Then, the linea alba was opened craniocaudally, and, by placing a retractor below the fractured side rectus, the linea pectinea was opened bluntly. In all patients, the corona mortis was dissected routinely and ligated/coagulated to prevent excessive bleeding ( Figure 3B) ; the obturator nerve and vascular bundle were visualized, mobilized, and protected; and, after placement of a blunt retractor on the greater sciatic notch, the surgical area was prepared ( Figure 3C) .
Postoperatively, the patients were restricted to foot-flat weight bearing for 12 weeks. Initial deep venous thrombosis prophylaxis is standardized at the authors' institution and involves application of mechanical compression devices at all times during the hospital stay and administration of 0.6 mL of enoxaparin sodium subcutaneously twice per day, starting on postoperative day 1.
results
Patients were followed for an average of 14.7 months (range, 12-36 months). Mean estimated blood loss was 970 mL (range, 800-1250 mL) in all patients ( Table 2) . Anatomical reduction of the acetabular fracture was obtained in 29 (80.5%) patients; a satisfactory reduction was obtained in 5 (13.8%) and a poor reduction in 2 (5%) ( Table 2) . Mean preoperative displacements in the axial, coronal, and sagittal sections were 3.6, 3.3, and 3 mm, respectively, and mean postoperative displacements were 0.15, 0.2, and 0.2 mm, respectively. Mean preoperative gap was 13.3 mm, and mean postoperative gap was 1.4 mm. Mean Harris Hip Score was 77.9 (range, 43-100), and mean Merle d'Aubigné score was 16.4 (range, 7-18) at first follow-up ( Table 3) .
Foot drop was reported in 2 patients; due to a posterior hemitransverse fracture, sciatic symptoms occurred, probably during the reduction. These patients began to function properly within 6 months. In one patient, obturator nerve damage was reported and improved after 3 months, and in another patient, an intraoperative partial external iliac vein injury was observed and treated with primary repair of the vein. In one patient with protrusion of the acetabulum on arrival, avascular necrosis of the postoperative femoral head developed due to insufficient reduction. This patient had the lowest scores. No deep venous thrombosis or infection was encountered, nor was any iatrogenic lesion of the obturator vessels or spermatic cord.
discussion
This study is a retrospective evaluation of patients with displaced acetabular fractures who were treated with a modified Stoppa approach. All postoperative fracture reductions were evaluated with CT displacement and gap measurements, and all patients were evaluated functionally. Blood loss and complications were also evaluated. The results of this study demonstrate that the Stoppa approach is a successful approach for many complex acetabular fractures, with satisfactory outcomes.
Since minimally invasive surgery became common practice, there has been research into methods to both minimize morbidity rates and enable anatomical reduction and stability. Thus, the ilioinguinal approach has been modified, and various combinations have been described. The modified Stoppa approach was first described by Cole and Bolhofner 1 in 1994; it causes less tissue damage and is increasingly being used in anterior column fractures and related components of some complex acetabulum fractures. 16, 17 In elderly patients, acetabulum fractures mostly occur due to low-energy trauma and falling directly onto the trochanter major, affecting the quadrilateral surface, thereby causing an increase in the medial displacement and superomedial dome impaction of the quadrilateral surface. 18 Previous studies have shown that the modified Stoppa approach is particularly effective in quadrilateral surface placement and in medial displacements; moreover, visualization is better. [6] [7] [8] [18] [19] [20] [21] [22] [23] [24] Keel et al 18 reported that the Stoppa approach was advantageous for use in lateral compression fractures. In the current series, to improve quadrilateral surface fixation in 3 anterior column posterior hemitransverse fractures, reconstruction was achieved using a buttress plate together with a spring plate. Previous studies of the Stoppa approach have reported similar complication rates. As a good alternative to the ilioinguinal approach, it has the advantages of better visualization and good reduction quality, and in particular the approach to quadrilateral fractures is emphasized. 6, 8 In addition, Shazar et al 8 reported that reduction was possible in posterior column fractures and that a buttress plate could be applied as far as below the pelvic rim. In the current study, the learning curve was steep for the Stoppa approach, and surgical experience is required because of proximity to the neurovascular structures. In contrast, Shazar et al 8 argued that the learning curve was steeper in the ilioinguinal approach, after which the Stoppa approach should not be difficult, which they attributed to no dissection of the inguinal canal and the fact that it is a less extensive approach.
There are studies comparing the amount of bleeding between the Stoppa and ilioinguinal approaches. 6, 8, 19, 20 In the current study, mean perioperative blood loss was 970 mL (range, 850-1150 mL). Elmadag et al 6 reported a mean blood loss of 1170 mL (range, 750-2150 mL) for the ilioinguinal approach and 1110 mL (range, 450-2000 mL) for the Stoppa approach, with no statistically significant difference between them. In a randomized study by Ma et al 7 of 60 acetabulum fractures operated with the ilioinguinal and Stoppa approaches, there was less intraoperative bleeding and a lower blood transfusion rate with the Stoppa approach because of reduced wound drainage and a shorter operative time. Mean blood loss was 776 mL (range, 350-1500 mL) with the Stoppa approach and 1107 mL (range, 600-1820 mL) with the ilioinguinal approach. 7 In a study by Fan et al 19 of 16 pelvic and 7 acetabular fractures, mean blood loss with the modified Stoppa approach was 320 mL (range, 100-1200 mL). Sagi et al 20 used the Stoppa approach in 57 acetabulum fractures and reported a mean blood loss of 750 mL. These studies reflect a range of results related to bleeding. 6, 8, 19, 20 In the current study, satisfactory outcomes with good reduction quality were obtained with the Stoppa approach, with anatomical reduction in 29 (80.5%) patients, a mean Harris Hip Score of 77.9, and a mean Merle d'Aubigné score of 16.4. Similar outcomes have been reported in other studies using the Stoppa approach. Hirvensalo et al 17 used this approach with 164 acetabular and pelvic fractures and reported anatomical reduction in 84.1% of cases. Harris Hip Score was greater than 80 in 75% of the 164 patients with an acetabular fracture. 17 Sagi et al 20 reported 50 cases, of which 92% had an excellent or good reduction of an acetabular fracture; clinical outcomes (Merle d'Aubigné) at 1 year were excellent in 36%, good in 55%, and poor in 10%. Isaacson et al 21 reported 36 cases, of which 27 (92%) had an anatomical or satisfactory reduction; clinical outcomes (Merle d'Aubigné) were very good in 55%, good in 9%, medium in 18%, fair in 5%, and poor in 14%. Andersen et al 22 reported an 82% anatomical reduction rate, and Shazar et al 8 reported a 79.4% anatomical reduction rate.
Regarding complications, 1 external iliac vein injury and 2 sciatic nerve injuries were seen in the current study. Foot drop was observed in 2 (5%) patients with anterior column posterior hemitransverse fractures, which was likely due to sciatic nerve palsy during posterior column fracture reduction; spontaneous improvement was observed within 6 months. In 1 (2.7%) patient, obturator nerve damage was reported, which resolved spontaneously after 3 months. In a study of acetabular fractures by Sagi et al, 20 obturator nerve palsy with extreme weakness in the hip adductors was reported postoperatively in 13 (26%) patients; all but 1 resolved and improved within 6 months. Ma et al 7 reported obturator nerve damage in 2 (6.7%) patients, and Andersen et al 22 reported 2 instances of symptoms in the lateral femoral cutaneous nerve. During reduction of the posterior column, attention should be paid to the nerves, and, especially during reduction, the hip should be in extension and sharp-edge retractors should not be inserted into the pelvic floor.
In the current study, external iliac vein damage occurred during retraction in 1 patient and was repaired. Obturator artery injury was not seen in any patient. Ma et al 7 observed obturator artery injury in 1 (3.3%) patient and corona mortis injury in 1 (3.3%) patient. Great care should be taken during surgical elaboration and dissection to prevent vein and nerve damage. To extract the obturator nerve, it should be freed intermittently, and damage can be prevented by placing sponge over it. To avoid vascular injury, blunt-ended deep retractors should be used, and general surgery sets may be useful. Corona mortis anastomosis was observed in all patients in the current study, and these were attached properly or cauterized.
This study has several limitations. It was a retrospective review and lacked a comparative cohort. Fractures were operated by 2 different surgeons in 2 different institutions, and fracture patterns were varied. However, a strength of the study is that the surgeons were experienced, with a history of more than 200 cases each, including the ilioinguinal and extensile approaches.
conclusion
The modified Stoppa approach, which provided successful reduction of anterior column fractures and their components, including some complex acetabular fractures, is an alternative technique to the ilioinguinal approach. However, although the functional outcomes are successful, there is a steep learning curve for this technique due to the proximity of neurovascular structures.
